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Alerting Abstract: RU C2 



NOVELTY - Process includes sequential irradiation of rocks by fluxes of gamma- quanta and 
fast neutrons, registration of flux of scattered gamma radiation at fixed distance from gamma 
source whose intensity is used to evaluate presence of magnesite strata in section of boreholes. 
Soft Nl and hard N2 components of scattered gamma radiation are recorded, flux of thermal 
neutrons N3 is measured, effective atomic number Zeff is calculated and lifetime N3 of thermal 
neutrons in strata is computed by intensity of flux tau and known diameter of borehole. Contents 
of MgO and CaO in strata are found correspondingly by nomograms P(MgO)=f(Zeff,tau) and 
P(CaO)=f(Zeff,tau). Zeff=a-b Ig N1/N2, where a and b are constant coefficients, taui in i-th 
interval of boreholes is found as taui, where taurefN3i(r,d)/N3ref(r,d) where tauref is lifetime of 
thermal neutrons in reference interval; N3i(r,d) and N3ref(r,d) are counting rate of thermal 
neutrons in i-th and reference intervals of boreholes with fixed dimension r of sonde and 
diameter d of borehole. Nomograms (Zeff,tau) and (Zeff,tau) are constructed with known 
computed values Zeff, tau and with known contents of MgO and CaO in core samples by 
plotting of isocurves of equal contents of MgO and CaO by interpolation method in coordinates 
Zeff, tau. 

USE - Geophysical examination of boreholes, specifically, nuclear physical methods of 
investigation of mineral resources. 
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ADVANTAGE - Enhanced accuracy of evaluation of quality of magnesite ores. 3 cl, 4 dwg, 1 
tbl 
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(54) CnOCOB OnPEflEJlEHM^ GOAEP>KAHH5^ OKHCJIOB MAFHUH H KAJlbUHfl B MArHE3MTOBblX PYflAX 



(57) 

MaoGpeTeHne oTHocmcfi k reoc|)H3MMecKHM 
nccneAooaHUflM cKeajKMH, a nweHHO k rpynne 
qAepHo-ct)M3vmecKMX MeroAOB \AccneflpBam9\ 
MMHepanbHoro cbipbfl. Cnoco6 aaicntoMaeTcn b 
nocxieAOBaTenbHOM o6nyMeHi^vi ropHbix nopoA 
noTOKaMM rauMa-KBaHTOB m 6biCTpbix 
HeRTpOHOB, perncTpauMM hotokb paccefiHHoro 
raMMa-M3JiyHeHki5i Ha c)3t/iKCMpoBaHHOM 
paccTo^HMM or raMMa-kicTOMHMKa. no 

klHTeHCMBHOCTH KOTOpOfO CyA^T O Ha/IMMMM 8 

paspeae cKBa>Ki4H MarHeai^roBbix nnacTOB. 
Ocyi4ecTBnflK)T perncTpai^nJo MflfKoii N i n 
>KecTKoCi N2 KownoHeHT pacceflHHoro 
rawMa-nanyMeHUH m naiviepflioT hotok rennosbix 

He^^TpOHOB N3. paCCHMTbieaiOT 3CjDC|}eKTHBHb!pl 

aroMHbiCi HONiep Z^,^, a no HHTeHCHBHOCTH 
noTOKa N3 M MSBecTHOMy AMaiyierpy CKBa^KHH 
Bpevin >Kii3HM ren/ioBbix HeC^rpoHOB x s 
njiacrax. npM 3tom coAep}KaHvi$i MgO \a CaO b 
nnacrax onpeAenniOT no HOMorpaMMaM 
cooTBeicTBeHHO P(MgO) = ^Z^^, x) n 
P(CaO)=(Z 34,, x).Z3ct,=a-b Ig N1/N2. tab a m b 

- nOCTOflHHbie KOaCpCpHm/ieHTbl. Xj B i-M 

nHTepBane cKBa>KHH onpeAenfiJOT 
KaK Xj = x3T*N3i(r.d)/N33T(r.d). rAe - BpeM« 

>KM3HH TenJlOBblX HeC^TpOHOB B 3TaJ10HH0M 

MHTepBa/ie. N3i(r, d) n N33T{r. d) - cKopocin 



CHera renjiosbix hsmtpohob b I-m h arajioHHOM 

MHTepBaXiaX CKBa)KMH npM C^UKCkipOaaHHOM 

paawepe aoHAa (r) m fxtAaMerpe CKBa>KMH (d). 
riocTpoeHne HOMorpaMMbi P(MgO)= f(Zif^, x) n 
P(CaO)=f(Z3(|„ x) ocyi^ecTBnflioT npn nsBecTHbix 
pacneTHbix SHaMeHMJix Z^^, x ]a nasecTHbix no 
AaHHbiM xuMMHecKoro BHannaa KepHOBbix npo6 
coAep>KaHHflx MgO n CaO nyrew nocrpoeHMq 
MeroAOM MHTepnojiflHMM b KOOpAnnarax 
Z T naonnHMft paBHbix coAepKaHnC^ MgO n 
CaO. TexHM4ecKMM peay/ibTaroM M3o6peTeHMn 
RBJineTc^i noBbiLueHMe tomhocth oushkm 
KanecTBa MameanTOBbix pyA- 3 3.n.c|)-nw, 1 
Ta6n.. 4 mji. 
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(54) PROCESS DETERMINING CONTENT OF OXIDES OF MAGNESIUM AND CALCIUM IN MAGNESITE ORE 



(57) Abstract: 

FIELD: geophysical examination of 
boreholes, specifically. nuclear physical 
methods of investigation of mineral 
resources. SUBSTANCE: process includes 
sequential irradiation of rocks by fluxes of 
gamma- quanta and fast neutrons, 
registration of flux of scattered gamma 
radiation at fixed distance from gamma 
source whose intensity is used to evaluate 
presence of magnesite strata in section of 
boreholes. Soft Ni and hard N2 components of 
scattered gamma radiation are recorded, flux 
of thermal neutrons N3 is measured, effective 
atomic number Zeff is calculated and lifetime 
N 3 of thermal neutrons in strata is 
computed by intensity of flux x and known 
diameter of borehole. Contents of MgO and 
CaO in strata are found correspondingly by 
nomograms P(MgO)=f(Zeff,x) and 

P(CaO)=f(Z eff.x). Zeff=a-b Ig N1/N2. where a 
and b are constant coefficients. x| in i-th 
interval of boreholes is found as xj, 
where xrefN3i(r,d)/N3rei(r.d) where x^ef is 
lifetime of thermal neutrons in reference 



interval: N3j(r,d) and N3ref(r,d) are counting 
rate of thermal neutrons in i-th and 
reference intervals of boreholes with fixed 
dimension r of sonde and diameter d of 
borehole. Nomograms (Zeff.t) and (Zefr.x) are 
constructed with known computed values 
Zeff. X and with known contents of MgO and 
CaO in core samples by plotting of isocurves 
of equal contents of MgO and CaO by 
interpolation method in coordinates Zeft, 1. 
EFFECT: enhanced accuracy of evaluation of 
quality of magnesite ores. 3 cl, 4 dwg, 1 tbt 
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M3o6peTeH»ie othochtcr k oCnacm 
reo(t)i43MHecKMX MccneAOBaHMC^ cKBaxkiH. a 
6onee KOHKperHO k rpynne 
nAepHO-reoc|)i43MMeciaix MeroAoe MccneAoeaHMfl 
MviHepajibHoro Cbipbn, m MO)KeT 6biTb 
McnofibaoBBH B reonomki. reoct}M3MKe. 
ropHOAo6biBaioii(eA, Merajviyprvi^^ecKojf 
npoMbiLuneHHOCTM M AP- o6nacTflx HapoAHoro 
xoanffcTBa. 

l/lsBecreH cnoco6 onpeAeneHMn coAep)KaHM$i 
oKMcnoB MamMfl m Kanbi^Mn b MamesMTOBbix 
ruiacrax, nepeceneHMbix CKBajiOiHaMM. 
ocHOBaHHbii^ Ha OT6ope KepHOBbix o6pa3L^OB b 
npoL^ecce 6ypeHM;i CKBa)KiiHbi m nocneAyiOLueM 
MX XMMMHecKOM aHSJiMde aHa/ior. Eop3yHOB 
B.M. MecTopoJKAeHMfl HepyAHbix nonesHbix 
MCKonaeMbix, hx pasaeAKa m npoMbiujiieHHasi 
oi^eHKa. -M.: HeApa. 1969. - C. 149, 161). 
OcHOBHbiM HeAOcraTKOM cnoco6a PBJineTCfl 
Heo6xoAi^MOCTb OT6opa npeACTasMTenbHbix 

KepHOB. MTO C0npfl)KeHO C 6onbUJMMM 

TpyAosaTparaMii. KpoMe roro, xviMmecmih 
aHanwia npoBOAMTcn no A^cKperHbiM npo6aM. 

V1CKnK)HaiOLi\MM OL^eHKy KaMeCTBa kICKOMblX 

MameaMTOBbix pyA HenocpeflCTBeHHO b 
ecrecTBeHHOM saneraHMM. 

BTopofi M3BecTHbi(i cnocoO onpeAeneHMq 
coAep>KaHMn okmchob Mamnn )a Kanhi\m b 
MamesMTOBbix pyAax raioKe npeAno/iaraer 
oT6op KepHOBbix npo6 npi4 6ypeHiivi CKBaxoiH m 
3Kcnpecc-aHanM3 APo6neHbix m vtcrepTbix npo6 c 
npiiMeHeHbieM cospeMeHHoii 
peHTreHOcneiapanbHoi^ annaparypbi TMna 
X-MET. aHajior. Xei^KM Cuna/ia. X-MET. 
nopraTMBMbif) peHTreHOBCKkif^ aHa/iMaarop. A/0 
OyraicyMny. OnHnnHAM^, 
HayHHO-Mcx:neA0BaTeJibCKMR mcmTyj cpwanKn). 
HeAocraTKM BToporo aHanora re >Ke. mto m pn9\ 
nepBoro. npekiMytnecTBOM ero nenneTcn 
BbicoKan npoki3BOAViTenbHocTb, mto yAeiueBnneT 
CTOMMOCTb aHajiMTMMecKMX pa6oT npM MaCCOBblX 
onpeAeneHUflx. 

HaM6onee CnnaKviM no 4>n3HMecKoC^ 
cyLi^HocTM M TexHOJioruM pa6oT flB/ifleTcn cnoco6 
MsyHeHMW MameanroBbix nnacroB b CKBa)KMHax, 
ocHOBaHHbii^ Ha npoBeAeHMki KOMnneKca 
reoc})M3MHecKMX MeTOAoa KapoTa)Ka, 
BKHioMaioinMC^ MeroA wamnTHOf^ 

BOcnpMMMHMBocTM (KMB), nnoTHocTHoro rawMa 
KapOTa>Ka (rPK-n), raMwa KaporaKa (PK) m 
HetiTpoHHoro raMMa KapoTa>Ka (DpoTOTMn. Hoa 
pGAaKi^neCi n.B.BnujHeBCKoro, r.C. 

BaxpoMeeea, H. Jl. UJaMaHCKoro. 
reoc{)M3MMecKMe MeroAbi houckob h paaaeAKH 
HeMerannnHecKnx nonesHbix ncKonaewbix. - M.: 
HeApa.- 1984.- C. 124- 125). flaHHbiPi KOMnneKC 
MeroAOB oSecneHMBaer sbiAexienne nnacroB 
MamesMTOBbix pyA no HecKonbKO noHn>KeHHOMy 
ypoBHK) ecrecTBeHHoi^ paAnoaKTMBHOCTH (FK), 
yeennMeHMio nnoTHOCTH (rrK-fl) n noBbiujeHnJO 
HHTerpanbHoro noroKa raMMa-nanyMeHun 
paAnauMOHHoro saxeara (HTK). 

flaa nocneAHHx weioAa peannayioTCfl nyreM 
o6/iyMeHMfl MCcneAyewoM cpeAbi 

COOTBeTCTBGHHO HOTOKOM raMWia-KBaHTOB H 
GblCTpblX Hei^TpOHOB CTaUMOHapHblX M30TOnHblX 
I4CT0HHMK0B C perVICTpai^Mef^ Ha 4>MKCMpOBaHHblX 
paCCTORHMflX OT MCTOMHUKOB BTOpHMHOrO 

pacceflHHoro n nHAyunpoBaHHoro 
raMMa-M3nyHeHkifl paA^ai^i^OHHoro aaxBara. B 
KaMecTBe AeTeiaopoB raMivia-KBaHTOB 

HCnonbSyiOTCfl CmiHTMJlJlJmHOHHbie CHeiMMKM 

Tuna Nal(Te) pa3MepOM or 18x40 ao 30x70 mm. 
KaporajK MarHntHofl BocnpnuMMUBOCTM 
npoBOAHTCfl Ann BbiAensHUfl KOHTaiaoB, 



BKnKwaiomMX MamesMTOBbie ruiacTbi nopoA, 

OTJIMMBIOtAMXCfl nOBblUjeHHOft MarHMTHOf) 

npoHkiL^aeMocTbK). HeAocrarKOM nporoTMna 
nanneTcn HeB03M0}KH0CTb KO/iMHecTBeHHoro 
onpeAeneHMR ochobhux KOMnoHeHTOB 
^ MameaMTOBbix pyA < okmcjiob MarHiin i4 Ka/ibi^iin. 
do 3T0M npMMMHe OH HQ oGecneMMBaeT peujeHne 
aaAaMM - KonvmecTBeHHof) ouohkm 

npOMbllUneHHOM 3HaHMMOCTM MafHeSMTOBblX pvA- 

PeiueHMe 3aAaMbi KonkmecTBeHHoro 
onpeAejieHMR coAep}KaHMfl oKMcnoB MamMn m 
KajibL^Mfl B MarHe3MTOBbix n/iacrax b ycnoBMStx 
6ypoBbix CKBa)iaiH M3BecTHoro A^aMeTpa 
BoaMOKHO Ha ocHoae nocneAoaaTeribHoro 
o6;iyMeHMn ropHbix nopoA noTOKauM 

raMMa-KBSHTOB M 6blCTpblX Hei^TpOHOB c 
IS MCnOJ1b30BaHMeM OOOTBOTCTBeHHO 

CTauMOHapHbix naoTonHbix mctohhmkob 
L^eaMC^'137 m KanMCt)opHMi^-252. perMCTpai^MM 
noTOKa paccefiHHoro raMMa-M3fiyMeHki$) hb 

C()t4KCMp0BaHH0M paOCTOflHMM OT MCTOMHMKa 

raMMa-KBaHTOB. paBHOM 5-40 cm, no 

20 MHTeHCMBHOCTM KOTOpOrO CyAAT 0 Ha/IMMMM B 

pa3pe3e cKBa)KMH MarnesMTOBbix nnacToa. B 
npeAnaraeMOM cnoco6e ocyu^ecTBnniOT 
pa3AenbHyio pemcTpaL^Mio KOMnoneHT 
paccenHHoro raMMa- ManyMeHMn c anepriief^ 
MeHee 200-300 KaB Nf ki c aHsprkieR 6ojiee 
200-300 KaB N2 M AonoJiHMTenbHO na 
paccTOWHMM 30-60 cm naMepnioT noTOK 
ren/iOBbix neC^TpoHOB N3, no OTHOiueHmo 

nOTOKOB N-j M N2 paCCMMTblBaWT 3Ct)Ct)eKTHBHblf^ 
aTOMHblC^ HOMep Z^^, a no HHTeHCHBHOCTM 

noToxa N3 M M3BecTH0My AMaMeTpy CKBaKMH - 
BpeMn }KMaHM TennoBbix Hei^TpoHoa t b 
njiaciax, npvi 3tom cQAep>KaHbifl oKMcnoa MamMn 
i/t icanbi^MR B njiacTax onpeAejiflK)T no 

AByXMepHblM HOMOrpaMMaM COOTBeTCTBeHHO 

SS P(MgO) = f(Z3^, x) M P(CaO) = fCZ,*. x). 
nocTpoeHHbix no peayrbTBTaM MSMBpeHMf^ 
Z 3(t). X, P(MgO) M P(CaO) b napBMeTpimecKMX 

CKBa)Kl1HaX. 

PacneT 3ctx4)eKTMBHoro btomhoto HOMepa 
npoBOART no 3KcnepMMeHTanbH0 
ycTBHOBJieHHOf^ aaBMCMMocTki BMAB Z^^ = a-b 

Ig N1/N2, TAB a M b - nocTOPHHwe 
Koa4)43Mi4MeHTbi, onpeAenaeMbie npn 
rpaAynpoBBHMM nawepnTenbHOft annapaTypw 
rawwa-raMMa KapoTa)Ka. 
45 Bpewq >KH3Hn TennoBbJX Het^TpoHOB b i-M 
MHiepBane CKBa)KMH ocyLi^eciBJiqiOT no 
c{)opMyne: tj = x3T.N3j(r.d)/N33T(r.d), rAe -l,^ - 

BpeWfl )KH3HV1 TennOBblX HeMTpOHOB B 3TanOHHOM 

MHiepBane. N3j(r,d) n Nsa^Cr.d) - CKopocTM 
cnera rennoBbix HeMipoHOB b i-M m aTanoHHOM 

MHTepBaJiaX CKBa)KklH npM 4)MKCV1pOBaHHOM 

pasMepe aoHAa (r) m A^iaMerpe CKBa)KviH (d). 

Cnoco6 oTnuMaercfl tom, hto nocTpoeHne 
HOMorpaMMbi P(MgO)=f(Z3<j„ x) n P(CaO)= 
f(Z30, x) ocymecTBJiflioT pasAe/ibHO npw 

M3BeCTHblX paCHBTHblX 3HaMeHM$1X Z 34,, X M 

M3BecTHbix no AaHHbiM XMMMHBCKoro BHanMaa 
KepHOBbix npo6 C0Aep>KaHkiqx okmcjiob MarHun \a 
KanbL^Mfl nyTBM nocTpoeHMn mbtoaom 
MHTepnonqi^Mi/i b KOopAMnaTax Z^(p, x M3oni4HMf4 
paBHbix coAep>KaHMf^ MgO m CbO c tuaroM 1-2% 
MgO M CaO. 

YKaaBHHbie OT/iuMMTenbHbie npiianaKM hb 

BCrpBHBHbl B M3BeCTHblX TeXHMMBCKMX 

peiueHMflx, noaTOMy npeAnaraeMbiC^ cnoco6 
qanqeTCR opvioiHanbHbJM, noaBonnn 
o6ecneHMBaTb oi^enicy icaMecTBa MameakiTOBbix 
pyA MB KO/ikiHecTBeHHOM ypoBHe. 
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<t>vi3MMecKan cyiuHOCTb cnoco6a MO)KeT 6biTb 
noHnra lia aHanMsa o&beKTkiBHO cyLuecTByioiMMX 
B np^poAHbix ycnoBMRX aaKOHOMepHOcrei^ b 
Beu^ecTBeHHOM cocraBe MameaMTOB m m 
neTpoct)M3iiHecKMx cBOi^cTBax, nponBjintOLUMxcn 

8 HaflMHMM CtiJIbHblX KOppenHL^HOHHblX CBflsei^ 

Mexff^ HMMki. Xapaicrep neTpo4)ii3MMecKiix 
CBSiaeit M npMHUMnbi onpefxenenm coAep^KaHMR 
OKi/iCM Mamnfl 11 Kajibqkifl Moryr 6biTb noHnrbi kia 
aHajiHsa ocHOBHbix'aaBMCMMocreM v\ HOMorpaMM, 
npeAcraBJieHHbix Ha (|>Mr. 1 . 2, 3 m 4. 

Ha MepTe)Kax npuHJiTW cneflyjoii^Me 
o6o3HaMeHMp: 

ZacJ) - 3CpC})eKTMBHblR aTOMHblt^ HOMep TOpHblX 

nopOA, OTH. eA.; 

T - BpeWfl KM3HH TennOBblX HePlTpOHOB B 

njiacre, mkc; 

P(MgO), P(CaO) - eecoBbie coAep>KaHMa 
OKMcnoB MamMfl m Kanbi^nn b nnacrax, %. 

SaBucMMOCTH, yKaaaHHbie Ha cJjMr. 1-4, 
nocTpoeHb! no pesynbTaiaw o6pa6oTKM 286 
KepHOBbix npo6 McMaKaeBCKoro MecTopo>KfleHMJi 
MamesMTOB Pecny6nMKM BaujKopTocTaH. C orotl 
L^enbio no Bcew npo6aivi BbinonHew noriHbii^ 
xuMMHecKUM aHajiM3. no peayjibTaiaM KOToporo c 
ncnonb30BaHMeM nporpaMMbi "HEPflA" 
paccHMTaHbi HeftTpoHHo-AM4>43y3MOHHbie 
napaMerpbi. b t.h. apeMn }km3hm ren/ioBbix 
HeiiTpOHOB. a raiOKe 3<p<peKT\ABHb\\A aTOMHbii^ 
HOMep: 



9$ 

rp,e Pj. Zj - OTHOcnTenbHoe secoBoe 
coAep>KaHMe n aroMHWi^ HOMep i-ro aneMBHTa b 
aHaiiM3vipyeM0M npo6e. 

Ha anajinaa aaBucuMOCTH Z^^^ = f[P(MgO)], 
npeACTaaneHHOM na cjDnr.l. cnep^/er, hto no 
Mepe BoapacraHM^ coAep)KaHM» omc\A MamM^i 
OT 0 AO 45% 34)ct)eKniBHbiM aTOMHbiM HOMep pyA 
aaKOHOMepHO yweHbLiiaeTCfl or 15,4 oth. eA. 

(M3BeCTHflK) AO 9.5 OTH. SA- (HMCTbfM 

MarHeanT) m Hao6opoT yBennMUBaercfl no Mepe 
pocra coAepxaHMfl b pyAax okmcm Ka/ibunR. 
BnaroAapJi aroMy HenocpeACTBSHHO no 
aaBUCMMOCTH C Zajj, B03M0)KHa KonMMecTBeHHa« 
OL^eHKa coAep)KaHVifl oki/ici/i Mam ma c 
a6conK)THoCi norpeniHOCibK) 1,5-2,0% n okmcm 
Kajibi^Mfl c norpeiuHOCTbJo ±1,5%. HanMHMe 

TaKOM CM/lbHOi^ CB513M o6-bflCHReTCH 

aaKOHOMepHbiM MaMeneHMew cooTHOiueHMfl b 
KapSoHaTHbix nopoAax nerKoro (MgO) m 
Tn)Kenoro (CaO) okmcjiob b pa Ay naaecTHflK 
(CaCOs) - AOJiOMMT [CaMg(C03)2] - MameaMT 
(MgCOa). flocTaioHHO BbicoKMe norpeiUHOCTM 
onpeAejieHM5i coAep)KaHtifl MgO m CaO 
Mepea Z^^ oO-bncHRioTcn cyu^ecTBenHbiM 
B/iMflHMeM Ha 3T0T napaMerp npMpoAHO^ 
AHcnepcMM oTHociiiTejibHo Tn^enbix 
KOMnoHeHTOB - OKMcnoB >Kejieaa (FeO, Fe203). 
a TaioKe ajiioMocMjiMKaTOB (AI2O3 m Si02). 
nocKOJibxy, KaK cneAyer m3 c{)opMynbi (1), 
pacMGT Zgt^ ocyiAecTBTifleTcn nepea Z j b 
Ky^MHecKOM cieneHM, Aa>Ke HeGonbiUMe 
naMeHeHkin okmcjiob Keneza m KaribUM^ Moryr 
npMBOA^Tb K anaMkiTenbHbiM BapMai^MflM Zg^. 

ToMHO TaK>Ke He o6ecneMMBaeT BbicoKyK) 
TOMHOCTb pacMera MgO m CaO b MarneaMTax m 
aasMCMMocTb, npeACTaBneHHan na cpv\r.2, 
annpoKCMMMpyeMBfl ypaeneHvieM bi^a^ 

ln[P(MgO)] = a+b.t. (2) 

TAB a M b - K03C|}4)ML\MeHTbl ypaBHeHM^ 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



perpeccMM. 

Ko3c{)0MUMeHT KoppenflUMM Anfl 
saBMCMMOCTM (2) cocTaBJifleT 0.76. Ha/iMMMe 
CTOHb CM/ibHOi^ CBfl3M Me;KAy P(MgO) M 

BpeMeHGM }KV13HM TeonOBblX Hei^TpOHOB B 

MarHe3MTax o6i>«CHyieTCfl aHOManbHo HM3Kofl 
norjiou^aioiAef^ cnoco6HOCTbio ^Asp Mam ma, 
KMCJiopoAa M ymepOAa. cocraBiiPiOLAei^ 
COOTBeTCTBeHHO 0.00171 CM^/r, 

7.57 .lO*® CM^/r M 0.000187 CM^/r. TorAa kbk 
Ann KaJibUMR MaKpoceMeHMe nomoiMeHMfl 
cocTaanfleT 0,00661 cm ^/r. Otck)A3 cneflyeT. 
HTO no Mepe noBbiLueHMn coAepxcaHMR b pyAax 
OKMCM MarHMfl MaKpoceMeHMe nomou^eHMn 
TennoBbix HeffTpoHOB (£3) yMeHbiuaeTcn. a 

BpeMfl )KM3HM t = 1/V«l3 aaKOHOMepHO 

Bospacraer, rAe V - CKOpocTb rennoBbix 
Hev^TpoHOB. paanaw 2200 m/c. OaKTMHecxas 
a6cojiK)THafl cpeAHeKeaApaTHMHan norpetuHocxb 
onpeAeneHMfl coAep>KaHMn okmcm Mam ma no 

KOppe/1(1l4MOHHOM CB$^3M 0 BpeMeHeM KM3HM 

rennoBbix Hei^rpoHOB cocTaanfleT 2-2,5% MgO. 
MTo laK^e HeAocraTOHHO An^ oi^eHKM xanecTBa 
Mame3MT0B c AocToaepHocTbio. paBHoi^ 
XMMMMecKOMy anariMay KepHOBbix npo6. 
06paTHafl CB«ab npocne>KMBaeTC« Me>KAy t m 
coAepKaHMeM okmcm Kanbi^Mfi. OAHaKO npM 
OTHOCMTenbHO HM3KMX coAep>KaHMax CaO B 

MameaMiax canab aia Bbipaxena Menee 
ycTOMMMQo. YAOBJieTBopMrenbHoe peiueHMe 
aaAaMM Mo>KeT 6biTb o6ecneMeHO no 

MHOrOMepHbIM daBMCHMOCTflM BMAa: 

PCMgO) = a%a Z .4-* Z*^*b T+to T^*. . . . 
0 1 9^ 2 9$ 1 2 

11 1 Z 1 12 

PC CaO) =a-«>aZ 4-aZ «bT4>bT 
O 1 Z 1 Z 

TAe ao, ao\ ai, ai\ a2, a2\ b^, b-|\ b2. b2^ - 
nocTonHHue K034}4}ML\MeHTbi, onpeAexineMbie 
MSBecTHbiMM cnoco6aMM Ann ypaBHGHMC) 

MHO)KeCTBeHHOM KOppeJl^UMM. 

B o6ii^eM cnyqae ypaBHeHM$^ (3) flBnniOTCfl 
HenMHeRHbiMM. noaioMy fu\9\ npaKTMMecKoro 
McnojibaoBaHMfl 6ojiee yAo6HbiM qanneTCfl 
nocrpoeHMe 2-x MepHux HOMorpaMM pa3AenbHO 
Anw oKMcnoB MamMfl m Kanbi^Mfl TMna: P(MgO) = 
^(Z34). x) n P(CaO) = f(Z34,, x). flnfl aroCI i^e;iM 

no napaMBTpMHeCKMM CKBa)KMHaM OT6MpaK)Tcq 

He Menee 100 oGpaat^oB MameawTOBbix pyA. 
KOTopbie noABepraioTCfl nonnoMy XMMMMecKOMy 
anariMay c onpeAe/ieHMeM acex KOMnoneHT 
nopoA npM Bbino/iHeHMM ycnoBMn: 
lPi = 1. (4) 

TAB Pj - BBCOBOe COAep)KaHMe OKMCnOB B 

ropHoW nopoAe. 

Pacnonarafl AaHHbiMM nonnbix xmmmmcckmx 
aHa/iMaoB Aanee paccHMTbisaioTCfl Ann Ka;KAOM 
npo6bi Zatjj no cfDopMyne (1) m t no 
aHanMTMHscKMM cJjopMynaM, npMseAeHHWM, 
HanpMMep. b khmfb Ko)KeBHMKOBa fl.A. 
Hei^TpoHHbie xapaKTepMCTMKM ropHbix nopoA m 
MX McnojibaoBaHMe b HecfjTenpoMbicjiOBoR 
reo(t)H3MKe. - M.: HeApa. - 1974. 

B KOOpAMHaraX Za^, M \ BblHOCflTCfl TOHKM c 

paanMHHbiM coAep)KaHMeM P(MgO) m P(CaO). 
/^anee MHrepno/inuMOHHbiM MeroAOM b non^ix 
coAep>KaHMC^ npoBOAflTCfl MaoKOHi4eHTpaTbi 
paaAeribHo Ana okmcm Mam ma m Kanbi^Mfl c 
luaroM 1-2% (cJjMr.S, 4). PeiueHMe o6paTHOM 
aaAa'^M KonMHeciBeHHoi^ oi^eHKM coAep)KaHMfl 
MgO M CaO b i-x MHTepaanax ocyinecTajiflioT no 
aHaneHMRM Z ^ x\ c MHTepnoiini^MeCf 

nonOKGHMfl MCKOMOC^ TOMKM Me>KAy CMe)KHblMM 
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M30K0HL(eHTpaTaMM . 

Ann npaKTMMecKoC) pesm^sauMM 
npeAnaraeMoro cnoco6a b ycnoBunx CKBa}KMHbi 
MOfyr 6uTb McnoiibaoBaHbi tiasecTHbie 
rexHOJioruiM nsMepeHvin epeivteHii kmshm 

lenJlOBblX HeC^TpOHOB (x) M 3Ct)Ct)eKTMBHOrO 

aroMHoro HOMepa (Z,^}). HanpMMep, onvicaHHbie 
B MOHorpacJ)MM flaBbiAoea KD.B.. KyanHa B.O. 
TeopeiMMecKne npeflnocbi/iKM KapoTa>Ka 
HeC^TpOHOB Renenm. - HoBocn6npcK.: BO 
"HayKa". - 1994. - C.49-76. n KHkire: 
PaMMa-raMMa MeroAbi a pyAHoii reonorm. /Doa 
peflaKi^neCi A.D.OMKypa. - M. : He^pa. - 1975. 
B MacTHOCTM, rexHonorvifl onpefleneHi/ifl 
Z 3<t, Mo>KeT 6a3npoBaTbCfl Ha o6nyMeHMM 
ncc/ieAyewot^ cpeflbi rotokom raMMa-KsaHTOB c 
GHeprneC^ 0,6-1.0 MoB n perMCTpai^nn Asyx 
KOMnoHGHT paccejiHHoro nanyMeHUfl N 1 m N2 wa 

paCCTOflHMH 5.0-40 cm OT HCTOMHUKa 

rawMa-KBaHTOB Tuna Cs-137. Co-60 m ap) 
nepBafl KownoHeHTa perncrpi/ipyercfl b 
SHepreTMHecKot^ oGjiacTn Menee 200-300 KoB. 
BTopafl 6onee 200-300 KaB. OTHOiueHne 
MHTeHCMBHOcreM Ni/N2 WB/iaeTCH (4)yHKi4neM 
3c|Dc})eKTHBHoro aroMHoro Howepa. PeanbHbiM 
anropnTM ann pacMera Z a^j, BbirrwAUT 
cneAywiUMM o6pa30M: 
Z34,-a-blnNi/N2. 

PAe a M b - nOCTOflHHbie K03C|xt)l4LJlMeHTbl. 

onpeAejineMbie npM rpaAyi^poBKe CKBa)KMHHoro 
npM6opa raMMa-raMMB Kapora^Ka (fnC) Ha 
aTTecTOBaHHbix o6pa3L^ax njiacroa 
94)ct)eiaMBHoro aroMHoro HOMepa. 

npi4 McnonbaoBaHMki raMMa-ncroMHMKa c 
Hki3K03HepreTHMecKMM cneKTpoM nepBMMHoro 
raMMa-MSJiyHeHMn, HanpkiMep, Ko6anbTa-57 (123 
KsB). cejieHa-75 (138 \a 268 K3B), 
ocyiMecTBJi5iK)TCfl MHTerpanbHbie kiSMepeHviq, a e 
icaHecTBe aHa/iMTkmecKoro napaMerpa 
McnofibsyeTCfl BenvmnHa OTHOueHviH N 
TAe Ni, . NaT - kiHTerpanbHbie noTOKM b 
HeMSBecTHOj^ M aranoHHof^ cpeAe. AnropkiiM 
pacnera Zg^, n b stom cnynae cooTBeTCTByer 
ypaBHeHMK) (5). 

OnpeAeneHne BpeweHU )KM3hh reruioBbix 
Hei^rpoHOB ropHbix nopoA, nepeceMeHHbix 
CKBa)KMHaMii, ocyL^ecTBJi^ieTcn no AaHHbiM 
HeMTpoH-HeWrpoHHoro Kaporaxa. MeroA 
peannayeTCfl nyrew aQnynenm ncc/ieAyeMoK 
cpeAbi noTOKOM HeCirpoHOB cTai^MOHapHoro 
ii30TonHoro viCTOHHkiKa, HanpkiMep, 
Kankict)opHMfl-252. m perkicrpauuiki Ha 
paccTonHkiM 30-60 cm noroKa rennoBbix 

HeMTpOHOB. 

PacMer BpeiweHu )kh3hm aha i-ro nnacra 
B03M0)KeH no anropviTMy. onMcanHOMy, 
HanpuMep, b ynoMAHyTof^ Bbiiue KHMre 
AaBbiAOBa IC.B.. Kyavtna B.O.. 

ll=X3T*H/N3T. (6) 

TAe -q M - Bpeww >km3hh rennoBbix 
HefiTpoHOB B i-M M oTaDOHHOM cpeA©; 

Ni. NaT - perncTpMpyewibie rotokm b i-« m 
aianoHHoCi cpeA© 

AnropnTM (6) oSecneMkiaaeT 

yAOBneTBopnTe/ibHyjo roMHocrb pacMeia npn 
0MKCvipoBaHHOM A^^aMeipe cKBaxuH. noaroMy 
Ha npaKTMKe SHaneHMe t„ n onpeAen^toTcw 
Ann TMnoBoro p^pia Ai^aMeTpoa CKsa^KHH b rex 
}Ke napaMerpMMecKMX cKBa>KMHax, AaHHbie no 
KOTopbiM McnojibsoBaHbi npn nocTpoenuM 2-x 
MepHbix HOMorpawM P(MgO) = flZg^,. x) m 
P(CaO) = f(Z3(t,, x). flnfl npaKTMMecKoft 
pea/iviaaL^MM MeroAa HHK no renroBbiM 
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Het^rpoHaM M0)KeT 6biTb ncno/ibsoBaHa xiioOan 
cepMi^Han annapaiypa, nanpviMep CPK'2, 
MAPK-1 MAP- 

MsMepeHbie 3c)xt}eKTMBHoro aroMHoro 
HOMepa B cKBBJKviHax bo3mo}kho c npM6opaMii 
rrK-nC-36. rrK-nc-42. ManwMM cepuRMM 

BbinyCKaeMblMM OnblTHbIM np0b13B0ACTB0M OAO 

Hnn "BHUHrHC" (r.0iafl6pbCKVi«). 

B HacTonu^ee BpeMn npeAno)KeHHbif4 cnooo6 
lUkipOKO onpo^MpoBBH B CKBa)iaiHax 
McMaKaeBCKoro MecTopo)ig;eHMn MamesMTOB. 
OcHOBHbie peayjibTaTbi cramzjmecm^ 
o6pa6oTiai no onpeAeneHMio coAep)KaHMfl 
OKMcnoB MamHfl m KanbUMfi b conocTaBxieHMM c 
A^HHblMM xMMimecKoro aHa/iMsa npeAcraaneHbi 
b Ta6JiMi^e. KaK bmaho ms raenMi^bi. 
npwio)KeHHbiR cnoco6 oSecneMMBaeT 
cxoAMMOCTb c AaHHbiMM xHMi^MecKoro aHafiMsa B 
npeAenax ±0.98% MgO m ±0.65% CaO, 
CMCTeMaTMMecKne norpeiuHocTM oTcyrcTByioT. 
oTHOCHTenbHbie cpoAHexBaApaTtmnbie 
cnyMaviHye OLUki6K»i b cpeAHeM no rpeM 
CKBa)iaiHaM cocTaanwioT ±2.5% aha okmcm 
Mamnw M ±12-15% An« okmcm Kajibi^MR. npMMSM 
B 3TM norpeiuHOCTM BXOA^T 0LiJki6KM AaHHoro 
cnoco6a, a raiOKe norpeiuHocTM npo6ooT6opa, 

npOOonOATOTOBKM M C06CTBeHH0 XMMMMeCKOrO 

ananMsa. OnbiT noKasbiBaer. mto 3Tm 
norpeiuHocTM npMwepno Toro )Ke nop^AKa. '^to m 
Ann nAapHo-reoc|)M3MMecKoro onpo6oBaHMn. C 
yMSTOM OTMBMeHHOrO co6cTBeHHan 
oTHocMTenbHan norpeiUHOCTb cnoco6a Ann 
OKMCM MarHMn cocraBMT 

6 - S/VZ^ _ jL OKMCM Kanb4Mfl - 

9,3-10.0%, TAe 5 -cyMMapHue 
cpeAHeKsaApaTMHHbie oTHocMTenbHbie 
pacxo;KAaHMn. SHaMMtenbHO 6onee BbicoKan 
oTHocMTejibHan norpeiUHOCTb pacnera 
coAep>KaHMC^ OKMCM Kanbi^Mfl o6ycnoBneHa ero 
HM3KMM cpsAHMM coAep^KaHMBM B MameaMTax, 
cocTaBnnK)Li4eM 3.6%. TorAa kbk cpeAHee 
coAepKaHMe okmcm MamMn b MarnesMTax 
cocTaBJineT nopnAKa 38,5%. A6conK)THwe 

norpeiiJHOCTM KOJIMHSCTBeHHOM Ol^eHKM 

coAep>KaHMi^ okmgiiob MarnMn m Ka/ibi^Msi b 
MarnesMTOBbix pyAax, cooTBercTBeHHO 

paBHbt ±0,98% M ±0,65%. mto COM3MepMMO c 

pe3y/ibTaTaMM XMMM^ecKoro anaxiMsa KepHoaoro 
MaTepMana. 

no npoTOTMny anajiorMMHan saAa^a b 
jiyMiueM cjiyMae peiuaeTcn c oTHOcMienbHoK 
norpeujHOCTbio ±50-100%. BbicoKan TOMHOCTb m 
AOCToaepHOCTb OL^eHKM KaMecTBa uarneaMTOBbix 
pyA npeAnonaratoT McnoxibsoBaHMe 
npeAno)KeHHoro cnoGo6a Ann MaccoBbix 
onpeABJieHMf^ okmchob MamMn m Kanbi^Mn 
HenocpeACTBeHHO b ecrecTaeHHOM aaneraHMM 
MameaMTOBbix nnacToa. BnaroAapn 3T0My 
npeACTaajineTcn B03Mo;KHbiM cyu^ecTBeHHbiM 
oGpasoM yTOHHMTb reojiorMMBCKMi^ pa3pe3 m 
o6ecneMMTb anaHMTejibHbii^ 3KOHOMMHecKMi^ 

3(})Ct}eKT. 

BnaApeHMe cnoco6a MOKer 6biTb 
ocyiuecTBneHO c McnojibsoaaHMeM 
OTenecTBeHHoC^ annapaTypbi ce/ieKTMBHoro 
raMMa-raMMa- m nei^TpoH-HeflTpoHHoro 
KapoTaxca. 

(DopMyna i43o6peTeHMn: 

1. Cnoco6 onpeAeneHMP coAepjKaHMn 
OKMcnoB MarHMH P(MgO) m KajibUMR P(CaO) b 
MameaMTOBbix pyAax b ycnoBMnx cKBa)KMH 
M3BecTHoro AMaMBTpa. aaKHKHaioiMMi^cq b 
nocneAoaaTenbHOM o6;iyMeHMM ropnbix nopoA 
noTOKaMM raMMa-KBaHTOB m ne^TpoHoa c 
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McnonbaoBaHtieM cooTBercTBeHHO 
CTai^MOHapHbix MaoTonHbtx mctomhmkob Cs-137 m 
KaJiM4>opHii(4-252. peruiCTpai^MM noTOica 
paccenHHoro raMMa-MsnyMeHun Ha 

Ct)Mi<CMpOBaHH0M paCCTORHMkl OT MCTOHHIdKa 

raMMa-KBaHTOB, no MHTeHCkiBHOCTki KOToporo 

CyAHT O HaJIMMMM B pa3pe3aX CKBa)KMH 

MameaMTOBbix nnacroB, orniiMaioiMMC^cfl reivi, 
HTO ocyu^ecTBJifltoT paayqenbHyio perMCTpauMio 
KOMnoHeHT pacceflHHoro MsnyMeH^fi c oHepmeR 
MeHee 200 - 300 KsB Ni m c sHepmei^ 6onee 
200 - 300 KaB N2 M Aono/iHtiTejibHO Ha 
paccTonnviM r=30 • 60 cm MaMepnioT hotok 
TerinoBbix Hei^TpOHOB N3. no OTHOiueHMio 

nOTOKOB Ni M N2 paCCMHTblBaKJT 3CflCt5eKTMBHblM 

aroMHbii^ HOMep (Zg^j,). a no nHTeHcuBHocTn 
noTOKa N3 M M3BecTH0My Ai^aMerpy cKBa)iaiH 
BpeMR xoiSHVi TennoBbix He^rponoB b njiacrax 
( i), npM 3T0M cx)Aep}KaHtie okhctiob Mamnn m 
KajibL^Mfl B nnacrax npoBOA^r no AByxMepHbiM 
HOMorpaiuMaM P(MgO)=f(Z3(t„, ^ 
P(CaO)=f(Z 3^j„ x). nocTpoeHHbiM no 
peayjibTaraM M3MepeHMti Zg^. x. P(MgO) m 
P(CaO) B napaweTpuMecKHx cKBa>KviHax. 

2. Cnocx>6 no n.1, OTfJUHaJomnC^cn leM, hto 
packer 3CJ)c})eKTMBHoro aroMHoro Howepa 
npoBOAflT no sKcnepuMeHTanbHO 
ycraHOBJieHHOM aaBUCMMOcru bmab 
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Z^-a-h lnNi/N2. 

TAB a M b - nOCTOflHHbie K034x:t)HL^t^eHTbl, 

onpeAejifleubie npii rpaAyt^poaaHkiki 
MGMepnTenbHOM annaparypbi 
raMMa-raMMa-KapoTa)Ka. 

3. Cnoco6 no n.1. oTjiMMatoii^nf^c^i reM, hto 
pacHer BpeMeHM imzm ren/ioBbix Hef^rpoHOB b 
n/iacrax ropnbix nopoA d}). nepeceHeHHbix 
CKBaDKMHaMki MSBecTHoro A^aMBTpa, 
ocymecTBJifljoT no oTHOiueHMio 

ii=x3TN3i(r.dyN33T(r.d). 

TAe - speM^ )Kii3HH TennoBbix nev^rpoHOB 
B sTanoHHOM MHTepBane; 

N3i(r. d) M N33x(r, d) - cKopocTM cHera 
rennoBbix nej^rpoHOB b I-m m dranoHHOM 
MHTepBane CKBa)KiiH, npH 0iiKCMpoaaHHoK AHkine 
30HAa (r) M AMaMerpe CKsaxcuHbi (d). 

4. CnocoS no n. 1 , OTjinHaioimiiScn rew, mto 
ROCTpoeHMe HOMorpawM P(MgO)= \{Z^^, t) m 
P(CaO)=f(Z3<(„ x) ocymecTBJiflioT pagASJibHO npn 

M3BeCTHblX paCMeTHblX 3HaMeHM«X Z yf^, X \A 

nsBBCTHbJX coAep)KaHii$)x oKt^cnoB Mamiin m 
Ka/ibL^Mfl no AaHHbiM xMMUMecKoro ananiiaa 
KepHOBbix npo6 nyreM nocTpoeHna MeroAOM 
MHTepnojiRL^viM B KOopAMHarax Z^^ m x MSonnHkiji 
pasHbix coAepxaHMft MgO vi CaO c luaroM 1 - 
2% MgO M CaO. 
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TaGjiHua 

PESyjIbTATbl COnOCTABJIEHPW C0AEP}KAHH5I OKHCJIOB 
MArHPW H KAJlbm«l nPEflJIO)KEHHbIM CnOCOBOM H HO 
MHHbIM XHMHHECKOrO AHAJTH3A KEPHOBblX ITPOE. 
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OKHCJIOB 
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0,98 


2,5 


1,00 


2 


245 


3,58 


3,59 


0,65 


13,9 


1,0 



A 



44-1 

40- 

36. 

32- 

28- 

24 

20^ 



/ 



/ 



/ 



/ 



/ 



CM 
O 

lO 
lO 



800 



1000 



1200 



1400 



1600 t, MKC 



O 



<DHr. 2 



-7- 




o 




o 

to 



